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(54) Audio information reproduction device and audio information reproduction system 



(57) Audio infomiation is read out of a recording me- 
dium which records musical pieces as audio informa- 
tion. The audio information read out is processed to de- 
tect BPM values and positions of beats in the musical 
piece. A musical piece Is reproduced from the recording 
medium by reproducing audio information in accord- 
ance with the detected BPM values and positions of 



beats. The BPM value indicates the tempo of a musical 
piece, and the beat indicates a strength of a sound which 
repeatedly appears in each musical piece. When the au- 
dio infonnation is reproduced in accordance with the de- 
tected BPM values and positions of beats, tiie musical 
piece is reproduced at the correct tempo and beats with- 
out giving an unnatural feeling to the listener 
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Description 

[0001] The present disclosure relates to the subject 
matter contained in Japanese Patent Application No. 
2001 -303026 filed on September 28, 2001 , which is in- 
corporated here by reference in its entirely. 
[0002] The present invention relates to a technical 
field of a reproduction device for reproducing audio In- 
fonnatlon from a recording medium containing audio in- 
formation corresponding to a musical piece. More par- 
ticularly, the invention relates to an audio infonmatlon re- 
production device which enables a called disk jockey to 
successively reproduce musical pieces from a plurality 
of recording media. 

[0003] Recently, in a place or facility, called a club, a 
music editor, called a disk jockey, selects and reproduc- 
es dance musical pieces, people enjoy dancing to those 
edited musical pieces. Usually, many musical pieces re- 
produced for dance music have each a length of several 
minutes. The disk jockey skillfully connects a plurality of 
musical pieces in an unintermpted fashion, and repro- 
duces them. Accordingly, people can enjoy dancing 
while being little aware of the connections of mustoal 
pieces. 

[0004] To uninterruptedly reproduce a plurality of mu- 
sical pieces, when the reproducing operation of one mu- 
sical piece ends, the reproduced sound volume is grad- 
ually decreased, while at the same time the reproducing 
operation of the next musical piece is started and the 
sound volume is gradually increased. In this way, two 
pieces of music are connected uninterruptedly. In a case 
where the audio recording medium of the disk type is 
utilized, at least two disk players are prepared, and a 
musk;al piece is first reproduced from one sheet of mu- 
sic disk. When the reproducing operation of the musbal 
piece draws to an end, the disk jockey operates the oth- 
er disk player and starts the reproducing operation of 
another musical piece from another muste disk. If the 
two musk^al pieces to be connected are not harmonious 
In rhythm, the listener feels clumsy at the connection of 
the two musical pieces. 

[0005] In connection with this, there Is known an audio 
Infonnatlon reproduction device which detects BPMs 
(beat per minute; corresponds to a speed of a music) 
from the audio data of the two musical pieces, and con- 
trols a reproducing rate ot the disk player so that those 
BPMs are equal to each other. Amethod of detecting the 
BPMs from the audio data of the musteal pieces is dis- 
closed In the Unexamined Japanese Patent Application 
Publication No. Hei 8-201542, for example. 
[0006] Even in a case where the BPMs are detected 
and the rates of reproducing the two musk^al pieces to 
be connected are made to be equal to each other, if the 
beat of one musical piece is shifted in position from that 
of the other musical piece, the listener feels something 
unnatural again. 

[0007] Accordingly, an object of the present invention 
Is to provide an audio information reproduction device 



which when a disk jockey, for example, connects two 
musical pieces and uninterruptedly reproduces them, it 
can reproduce the musical pieces in a state that those 
musical pieces are coincident with each other in repro- 

5 ducing rates and beat positions. 

[0008] According to one aspect of the present inven- 
tion, there is provided an audio infoonation reproduction 
devtee comprising; reading member for reading audio 
Infomiation constituting a musical piece from a record- 

10 ing medium; beat detecting member for detecting a beat 
position In the musical piece on the basis of the audio 
information; and reproducing member for reproducing 
the audio infomnation in accordance with the detected 
beat position. 

15 [0009] According to a similar aspect of the invention, 
there is provided a computer program causing a com- 
puter to operate as an audio infonmatlon reproduction 
devk:e which includes reading member for reading au- 
dio infomriation constituting a musical piece from a re- 

20 cording medium, beat detecting member for detecting a 
beat position in the musical piece on the basis of the 
audio information, and reproducing member for repro- 
ducing the audio Infonnatlon in accordance with the de- 
tected beat position. 

25 [0010] In the audio information reproduction device, 
audio information is read out from a recording medium, 
such as an optical disk, which contains music pieces re- 
corded thereon as audio Information. The audio infor- 
mation as read out Is appropriately processed to detect 

30 positions of beats in the music piece. The audio infor- 
mation Is reproduced based on the detected beat posi- 
tions, whereby the music piece Is reproduced from the 
recording medium. 

[0011] The beat indicates a strength of the sound 
35 which repeatedly appears in each music piece. There- 
fore, when the audio infomfiation Is reproduced based 
on the detected beat positions, the music piece is repro- 
duced at correct beats while giving no unnatural feeling 
to the listener. 

40 [0012] In one preferred embodiment of the audio in- 
formation reproduction devk», the reproduction device 
further Includes tempo detecting member for detecting 
a speed value of the musical piece In accordance with 
audio inforrnation. In the audio infomnatlon reproduction 

45 device, the beat detecting member detects the beat po- 
sition by using the speed value. 
[0013] In the embodiment, a speed value of the musk; 
piece Is detected from the audio Infonnatlon read out 
from the recording medium. The speed value may be a 

50 BPM (beat per minute) value Indicating the number of 
beats per unit time (minute), and indk^ates a speed or 
tempo of music. In the mustoal piece, beats appear at 
fixed time intervals, which depend on a tempo of the mu- 
sical piece. Therefore, if the beat positions are detected 

55 based on the detected speed value, the beat positions 
can be detected accu rately. 
[0014] In another embodiment, the beat detecting 
member includes level detecting member for detecting 
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peak levels of the audio information, and judging menn- 
ber for Judging if the pealc level corresponds to a beat. 
[0015] In the embodinnent, levels of audio information 
as read out from the recording medium are detected and 
the peal<s of those levels are detected. A plurality of 
peaks are detected on the basis of the strength of a mu- 
sical sound in a musical piece. Judgement is made as 
to whether or not the detected peaks correspond to 
beats. . The beat corresponds to the strength of a sound 
in the musical sound, particularty a strong part of the 
sound. Therefore, the beat may correctly be detected 
by selectively judging the plurality of detected peaks. 
[0016] In yet another embodiment of the audio infor- 
mation reproduction device, the judging member in- 
cludes first judging member for judging as to If a peak 
being evaluated of the audio infomiation satisfies a first 
condition that a time interval between the peak being 
evaluated and a peak preceding the peak being evalu- 
ated is integer time as long as a beat-to-beat time Inter- 
val detemnined on the basis of the speed value, second 
judging member for judging as to if the peak being eval- 
uated satisfies a second condition that a time interval 
between the peak being evaluated and a peak whbh Is 
located preceding the peak being evaluated and is 
judged to be a beat, is integer time as long as a beat- 
to-beat time interval detennined on the basis of the 
speed value, and member for judging the peak being 
evaluated to be a beat if the peak being evaluated sat- 
isfies the first and second conditions. 
(001 7] In the embodiment, judgement is made as to if 
a plurality of peaks detected from the audio infomiation 
are beats, on the basis of two conditions. The first con- 
dition is that a time interval between the peak being eval- 
uated and a peak preceding the peak being evaluated 
is integer time as long as a beat-to-beat time interval 
detemnined on the basis of the speed value. The second 
condition is that a time interval between the peak being 
evaluated and a peak which is located preceding the 
peak being evaluated and is judged to be a beat, is in- 
teger time as long as a beat-to-beat time interval deter- 
mined on the basis of the speed value. 
[0018] Beats In a musical piece repeatedly appear at 
fixed periods in accordance with the tempo of the musi- 
cal piece. Theoretically, the beats must appear at a time 
inten/al integer time as long as a beat-to-beat time which 
is detennined on the basis of the speed value, e.g., 
BPM. The beat-to-beat time is a time distance between 
one beat and the subsequent beat, and takes one value 
determined by the speed value. Therefore, a peak cor- 
responding to a beat must appear at a position on the 
time axis after a time integer time as long as the beat- 
to-beat time elapses from a peak corresponding to a 
beat preceding the former. The second condition checks 
this presumption, and only the peaks which satisfy the 
second condition are beat candidates. 
[0019] The beat judgement based on only the second 
condition leads to the following misjudgement: When 
the peak which is judged to be con^esponding to the pre- 



ceding beat actually does not correspond to the beat In 
the musical piece (viz., it is misjudged to be the beat) , 
the subsequent beats will be misjudged at the period of 
the misjudged beats. When the peaks recurring at a pe- 

5 nod of time are mis judged to be beats, peaks corre- 
sponding to actual beats must appear at time positions 
located out of the period of those peaks. If only the peaks 
defined such that the time interval between successively 
appearing peaks is integer time as long as the beat-to- 

10 beat time are detennined to be the beats, then correct 
beats will be detected on the basis of the peaks appear- 
ing at the positions of the correct beats. 
[0020] Thus, if only the peaks whk:h satisfy both the 
first and second conditions are judged to be beats, an 

15 exact beat detection is perfonmed. 

[0021 ] In an additional audio information reproduction 
device, aid judging member further includes decision 
member operating such that when a time interval be- 
tween the peak being evaluated and a peak whteh is 

20 located preceding the peak being evaluated and is 
judged to be a beat, is longer than a time interval corre- 
sponding to a predetemiined number of times as long 
as the beat-to-beat time interval determined on the basis 
of the speed value, the deci,sion member decides that a 

25 beat is present at a position on a time axis spaced from 
the peak located preceding the peak being evaluated by 
a distance corresponding to the predetermined number 
of times as long as the beat-to-beat time interval. 
[0022] In the embodiment, when such a peak as being 

30 evaluated as a beat does not appear for a predeter- 
mined time or longer, the subsequent beat detection 
does not work well. To avoid this, the beats are forcibly 
detennined. In this case, even if the beat that is forcibly 
detemnined is not connect, correct beat detection will be 

35 performed since the beat detection is made taking the 
first condition into account. Thus, the beat detection 
process will smoothly proceed when the beat is forcibly 
detemnined. 

[0023] In a further embodiment, the judging member 
40 further includes member which judges a peak that the 
level detecting member first detects after the reading of 
the audio information corresponding to one piece of mu- 
sic starts, to be a beat. 

[0024] In this embodiment, the judgement of the con- 
45 dition 2 can not be made unless the peak that was judged 
as the beat is present. For this reason, the peak first 
detected in the musical piece Is forcibly judged as a 
beat, and the subsequent beat detection Is made 
smooth. Even if the beat that is forcibly judged is not 
50 correct, the judgement involving the condition 1 is made, 
and hence correct beats will be detected with proceed- 
ing with the subsequent beat detection. 
[0025] Another embodiment of the audio information 
reproduction device further comprises member for Inter- 
55 polating the detected beat position on the basis of the 
speed value and a beat position detected by the beat 
detecting member 

[0026] Of those detected beats, scarce beats are re- 
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plenlshed with the interpolation. The beats detection Is 
based on the peaks of the audio infomfiation levels. Even 
in a case where the peak con^esponds to the beat posi- 
tion, if the audio information level is low, it is not detected 
as a beat. Accordingly, all the beats in the musical piece 
are not always detected. To cope with this, necessary 
Interpolation Is earned out on the basis of the detected 
beats, periodical beat positions are set by the interpola- 
tion, and the musical piece is reproduced In accordance 
with the resultant. 

[0027] In a still another embodiment, the audio infor- 
mation reproduction device further comprises member 
for predicting a beat position on the basis of the speed 
value and a beat position detected by the beat detecting 

member. 

[0028] in the embodiment, in the reproduction device 
of the type in which the musical piece is reproduced prior 
to the beat detecting process. Future beat positions are 
predicted on the basis of the already detected beat po- 
sitions, and the musical piece is reproduced on the basis 
of the predicted beat positions . 
[0029] In a further embodiment of the invention, the 
level detecting member includes member for dividing 
the audio infomriation into plural pieces of infonnatlon of 
a plurality of frequency bands, and member for detecting 
the peak by adding together the audio infomiation of the 
frequency bands which are close to each other in time 
space. 

[0030] The audio Information is divided into plural 
pieces of infomiation of a plurality of frequency bands. 
The levels of the information of those frequency bands 
are added together to detect peaks of the audio infor- 
mation. Therefore, where noise is contained in the audio 
infomriation read out of the recording medium, noise in- 
fluence is lessened and exact peak detection Is secured. 
[0031] In another embodiment, the level detecting 
member further includes member for setting a peak at 
a position on a time axis after a predetermined time 
elapses from a position of the peak lastly detected when 
the peak Is not detected for a predetermined time or 
longer. 

[0032] In the embodiment, when the peak is not de- 
tected from the audio infonnation for a long time, the 
peak is forcibly set. In some musical piece, even at the 
position of the beat, the audio Infomriation level is low. 
A peak as a candidate for a beat Is set forcibly to some 
extent, the beat Judgement Is made, and smooth exe- 
cution of the beat detecting process is secured. 
[0033] According to another aspect of the invention, 
there Is provided an audio infonnation reproduction sys- 
tem comprising: first and second audio information re- 
production devk;es constructed described above; and 
control member for controlling the first and second audio 
infonnation reproduction devices so that the speed val- 
ues and beat positions of first reproduced audio infor- 
mation output from the first audio infomriation reproduc- 
tion device are coincident with those of second repro- 
duced audio infonnation output from the second audio 



Infonnation reproduction device. 
[0034] In the audio Infonnation reproduction system, 
the reproducing operations of musical pieces from two 
audio information reproduction devices are performed 

5 in synchronism with each other. The process of synchro- 
nizing the two audio infonnation reproduction devices is 
earned put such that the speed value and the beat po- 
sition of the audio infonnation reproduced from one au- 
dio information reproduction device are coincident In 

10 value and position with those of the audio information 
reproduced from the other audio infomation reproduc- 
tion device. With the synchronizing reproducing opera- 
tions, when a disk jockey or the like changes from one 
or first musical piece to another or second musical 

IS piece, the first musical piece is switched to the second 
musical piece in a state that the tempo and beat position 
of the first musical piece are coincident with those of the 
second musical piece. There is less chance that the lis- 
tener has the unnatural feeling. 

20 [0035] in a preferred embodiment of the audio infor- 
mation reproduction system, the control member in- 
cludes member for controlling the second audio infor- 
mation reproduction device so that a tempo value of the. 
second reproduced audio infonnation is coincident with 

2s that of the first reproduced audio infonnation, and mem- 
ber for controlling the second audio infonnation repro- 
duction device so that a beat position of the second re- 
produced audio infonnation is coincident with that of the 
first reproduced audio Infonnation in a state that a tempo 

30 value of the first reproduced audio infonnation is coin- 
cident with that of the second reproduced audio infor- 
mation. 

[0036] In the embodiment, in reproduced audio infor- 
mation from the two audio infonnation reproduction de- 

35 vtees, the reproducing rates of the devices are control- 
led so that the speed values such as BPM values are 
equal to each other, and the reproduction positions of 
the audio information reproduction devices are control- 
led so that in a state that the reproducing speeds are 

40 equal to each other, the beat positions are also coinci- 
dent with each other. 

[0037] In a further embodiment of the audio Infomria- 
tion reproduction system, the first audio information re- 
production device includes first top beat detecting mem- 

45 .ber for detecting a position of a top beat in the first re- 
produced audio Infonnation, the second audio infomria- 
tion reproduction device includes second top beat de- 
tecting member for detecting a position of a top beat in 
the second reproduced audio information, and the con- 

so trol member controls the second audio infonnation re- 
production device so that the top beat of the second re- 
produced audio infonnatton is coincident in position with 
that of the first reproduced audio infonnation. 
[0038] In this embodiment, the top beat is detected 

55 from each audio Infonnation. Here, the top beat is a 
downbeat located at the top of a bar partially constituting 
a musical piece. Therefore, if the audio infonnation re- 
production devices are operated for reproducing so that 
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the top beats of the audio information reproduced from 
the two audio inf onnatlon reproduction devices are co- 
incident in position with each other, the reproduction po- 
sitions of the two musical pieces may be made coinci- 
dent with each other every bar. And the listener is given 
no unnatural feeling. 

[0039] in an additional embodiment of the audio infor- 
mation reproduction device, the first and second top 
beat detecting member detect each the timing at which 
an operator operates an input device as the position of 
the top beat. 

[0040] in the embodiment, the operator listens to the 
reproduced musical piece and manually inputs the top 
beat position to the device. Therefore, the beat position 
may easily be detected with a simple construction. 
[0041] In a further embodiment of the invention, the 
first and second top beat detecting member detect a po- 
' sition of each top beat on the basis of time management 
inf onnatlon stored for each musical piece on the record- 
ing medium. 

[0042] In the embodiment, each position of the top 
beat is automatically detected on the basis of time man- 
agement infomnation stored for each musical piece on 
the recording medium. In the case of the disic type re- 
cording medium, such as a CD, information (time code, 
address, etc.) representing a time elapsing from the top 
of a musical piece stored is stored in the recording me- 
dium for each musical piece recorded. Usually, it infre- 
quently happens that the tempo (i.e., BPM value) varies 
in one musical piece. Therefore, a time con^esponding 
to a bar of the musical piece may be calculated by using 
the BPM value. For this reason, the position of the top 
of the bar in the musical piece may be detected by re- 
ferring to the time management infonnation. 
[0043] According to a further aspect of the present In- 
vention, there is provided an audio infonnation repro- 
duction device comprising: reading member for reading 
audio infonnation constituting a musical piece from a re- 
cording medium; tempo detecting member for detecting 
a speed value in the musical piece on the basis of the 
audio information; beat detecting member for detecting 
a position of a beat in the musical piece from audio in- 
fonnation by using the speed value; top beat detecting 
member for detecting a position of a top beat in the re- 
produced audio infonnation; and reproducing member 
for reproducing the audio infonnation in accordance with 
the speed value, the beat position, and the top beat po- 
sition.' 

[0044] In the audio infonnation reproduction device 
thus constructed, audio infonnation corresponding to a 
musical piece is read out from a recording medium. A 
speed value and a beat position of the musical piece are 
detected from the readout information, and a position of 
the top beat in the audio Information is detected. The 
reproducing member reproduces the audio infonnation 
on the basis of the speed value, beat position and the 
top beat position. As a result, the musical piece is repro- 
duced at the correct tempo and time. 



[0045] In an embodiment of the audio Information re- 
production system, the top beat detecting member de- 
tects the position of the top beat on the basis of time 
management information stored for each musical piece 

5 on the recording medium. 

[0046] In the embodiment, the top beat of each musi- 
cal piece Is automatically detected on the basis of time 
management Infonnation stored for each musical piece 
on the recording medium. In the case of the disk type 

10 recording medium, such as a CD, information (time 
code, address, etc.) representing a time elapsing from 
the top beat of a musical piece stored is stored in the 
recording medium. Usually, it infrequently happens that 
the tempo (i.e., BPM value) varies in one musical piece. 
Therefore, the top, or top beat, of a bar in the musical 
piece maybe detected by referring to the time manage- 
ment infonnation . 

Fig. 1 is a block diagram showing an an^angement 
20 of an audio Infonnation reproduction device, which 
is an embodiment of the invention. 
Fig. 2 is a block diagram showing the detail arrange- 
ment of the Fig. 1 audio Information reproduction 
devk:e. 

25 Fig. 3 is a block diagram showing an Internal con- 
figuration of the Fig. 2 DSP. 
Fig. 4 is a waveform conceptually showing a BPM 
detection process executed by the DSR 
Figs. 5A and 58 are wavefonn conceptually show- 

30 ing part of a beat detection process executed by the 
DSR 

Figs. 6A to 6C are tables showing beat detection 
process. 

Fig. 7 is a flow chart showing a beat detection proc- 

35 ess. 

Fig. 8 is a flow chart showing a sync/reproducing 
process containing the beat detection process. 
Fig. 9 is a flow chart showing a sync process when 
the Fig. 8 sync/reproducing process is under exe- 

40 cution. 

[Prerequisite Knowledge] 

[0047] Before proceeding with detailed description of 
^ the embodiments, a concept of the beat will briefly be 
described. 

[0048] A beat Is a basic unit in a time continuity of mu- 
sic, and indicates a strength of a musical sound which 
repeatedly appears In each musical piece. The beat 

50 consists of a downbeat and an upbeat, and a combina- 
tion of those downbeats and upbeats forms each bar of 
a musical piece. In a duple time, one bar consists of a 
downbeat and an upbeat. In a triple time, one bar con- 
sists of a downbeat, an upbeat and an upbeat. In a quad- 

55 ruple time, one bar consists of a downbeat, an upbeat, 
medium beat, and upbeat. In the specif bation, the 
downbeat located at the top of one bar, viz., at the first 
position of one bar, is called "top beat". 
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[Audio Information Reproduction Device] 

[0049] Tiie prefen^ed embodiment of the present In- 
vention will be described with reference to the accom- 
panying drawings. In the embodiments to be described- 
hereunder, the present invention is applied to an audio 
information reproduction device which is used for play* 
ing musical pieces in the club, and includes a mixer for 
generating musical pieces to be played by mixing mu- 
sical pieces output from a plurality of players. 
[0050] An overall arrangement of the audio Informa- 
tion reproduction device and operation of it will first be 
described with reference to Fig. 1 . Fig. 1 is a block dia- 
gram showing an arrangement of an audio infonnation 
reproduction device which is an embodiment of the in- 
vention. 

[0051] As shown in Fig. 1 , an audio information repro- 
duction device S of the embodiment includes a mixer 1 , 
players 2 and 3, an amplifier 4 and speakers 5 and 6. 
The players, 2 and 3 may be analog players which re- 
produce a called analog record or digital players which 
digitally reproduce a CD (Compact Disk) or a DVD. The 
players 2 and 3 may be constructed by using a personal 
computer or the like. A musk; files stored in CD, DVD, 
memory card or a hard disk is reproduced by executing 
a reproduction software (program). In the description to 
be given hereunder, the players 2 and 3 are of the type 
in which digital audio information Is reproduced from an 
optical disk such as a CD. 

[0052] Actually, the mixer 1 and the players 2 and 3 
are integrally installed in an audio rack or the like. 
[0053] Arrangements and operations of the respec- 
tive portions of the embodiment will be described. 
[0054] To start, each of the players 2 and 3 reproduc- 
es an optical disk, generates a musical piece signal con- 
taining a plurality of musical pieces, and outputs the re- 
sultant signal to the mixer 1 . The mixer 1 mixes the gen- 
erated musical piece signals through the operation of 
the disk jockey, to thereby generate a mixer signal Smx, 
and outputs the resultant signal to the amplifier 4. 
[0055] The amplifier 4 amplifies each musical piece 
infonnation contained in the mixer signal Smx, and gen- 
erates a left signal Sol containing audio information (in- 
cluding both sound information by musical instruments 
and the like and vok:e Infonnation by singing and the 
like: The same shall apply hereinafter.) to be Included 
in a left channel and a right signal Sor containing audio 
infonnation to be included in a right channel. Then, the 
amplifier 4 outputs the left signal Sol and the right signal 
Sor to the speaker 5 for the left channel and the speaker 
6 for the right channel, respectively. With this, the speak- 
ers 5 and 6 output the audio information as sounds, 
which are correspondingly contained in the left signal 
Sol and the right signal Sor 

[0056] The detailed an'angement including the mixer 
1 and the players 2 and 3, which is constaicted accord- 
ing to the invention will be described with reference to 
Fig. 2. Fig. 2 Is a block diagram showing the detailed 



arrangement including the mixer 1 and the players 2 and 
3, which Is constructed according to the invention. 
[0057] The player 2 reproduces an opttoal disk DA on 
which musical pieces to be reproduced are stored as 
5 digital audio infonnation. As shown in Fig. 2, the player 
2 includes a pickup 10, decoder 11 , DSP (Digital Signal 
Processor) 12, memory 13, D/A (Digital/Analog) con- 
verter 14, sub CPU 15 and a VCO (Voltage Controlled 
Oscillator) 16. 

10 [0058] The player 3 reproduces an optical disk DB on 
which musical pieces to be reproduced are stored. The 
player 3 has a configuration similar to that of the player 
2. Specif k:aily, the player 3 includes a pickup 20, decod- 
er 21 , DSP 22, memory 23, D/A converter 24, sub CPU 

15 25 and a VCO 26. 

[0059] The mixer 1 includes a CPU 30, operation part 
31 , display part 32 and an adder 33. 
[0060] Operations of the respective portions of the 
embodiment will be described. In the description to fol- 

20 low, the players 2 and 3 operate in a similar manner, and 
hence, the operation of one of the players will typically 
be described. 

[0061] In a case where the player 2 (3) reproduces a 
dance musical piece from the optical disk DA (DB) on 

25 which the musical piece is stored, the pickup 1 0 (20) first 
drives a light source (not shown) fomied with a semi- 
. conductor laser or the like to thereby emit a light beam 
B1 (B2) for reproducing. The pickup receives a reflected 
light from the optical disk DA (DB), generates a repro- 

30 ducing signal Spa (Spb) as an RF (Radio Frequency) 
signal which corresponds to the musical piece stored on 
the optical disk DA (DB), and then outputs the generated 
signal to the decoder 11 (21). 
[0062] Upon receiptof the signal, the decoder 11 (21) 

35 canies out a waveform shaping process, a decoding 
process and an amplifying process on the reproducing 
signal Spa (Spb) as input, then digitizes It to thereby 
generate a digital decode signal Sda (Sdb), and outputs 
the resultant signal to the DSP 12 (22). 

40 [0063] The generation of the reproducing signal Spa 
(Spb) In the pickup 10 (20) and the generation of the 
digital decode signal Sda (Sdb) in the decoder 11 (21) 
are executed at high speed, e.g., quadruple-speed. The 
generated digital decode signal Sda (Sdb) Is output to 

45 the DSP 12 (22) at the quadruple-speed. 

P064] The DSP 12 (22) detects a BPM (Beat Per 
Minute) value of the musical piece to be reproduced, 
which is contained in the digital decode signal Sda (Sdb) 
as Input, and detects a beat position contained in the 

50 musical piece to be reproduced. Then, the DSP 12 (22) 
outputs a synchronous control signal Sbpa (Sbpb) con- 
taining infonnation of the BPM value and the beat posi- 
tion to the sub CPU 15 (25). The DSP 12 (22) caries out 
various processes to be described later on the digital 

55 decode signal Sda (Sdb) in accordance with a control 
, signal Scda (Scdb) to be described later coming from 
the sub CPU 15 (25), and generates and outputs a mu- 
steal piece signal Sra (Srb) to the D/A converter 1 4 (24). 
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[0065] At this time, the DSP 1 2 (22) temporaiiiy stores 
data, which is necessary to carry out the process, as a 
memory signal Smoa (Smob) onto the memory 1 3 (23), 
and then executes the process while reading the stored 
data as a memory signal Smia (Smib) from the memory 5 
1 3 (23). A series of processes ranging from the process 
of detecting the reproducing signal Spa (Spb) from the 
optical disk DA (DB) to the process of storing the mem- 
ory signal Smoa (Smob) to the memory 13 (23), \s exe- 
cuted at high speed, e.g., the quadruple-speed. The 
process of reading the memory signal SmIa (SmIb) from 
the memory 13 (23) and subsequent ones are executed 
at a nonmal speed (one time as high as the original 
speed). 

[0066] The D/A converter 14 (24) converts the proc- 
essed musical piece signal Sra (Srb) into an analog sig- 
nal to thereby generate an analog musical piece signal 
Saa (Sab), and outputs the generated signal to the 
adder 33. 

[0067] At this time, a reading rate of the musical piece 
signal Sra (Srb) from the DSP 12 (22) and a digital/an- 
alog conversion frequency (conversion rate) in the D/A 
converter 14 (24), are controlled In accordance with rate 
control signals Sfva and Sfda (Sfvb and Sfdb) coming 
from the VCO 16 (26). IVIore specifically, even If the In- 
putting rate of the digital decode signal Sda (Sdb) to the 
DSP 12 (22) corresponds to the quadruple-speed, the 
inputting rate is treated as the nonmal speed. 
[0068] The adder 33 adds the analog musical piece 
signals Saa and Sab thereby generating the mixer sig- 
nal Smx as an output of the mixer 1 , and outputs the 
generated signal to the amplifier 4. 
[0069] In the processes of the above-mentioned por- 
tions, the sub CPU 15 (25) operates In accordance with 
a control signal Sea (Scb) from the CPU 30 and the syn- 
chronous control signal Sbpa (Sbpb) from the DSP 12 
(22), and transfers and receives a control signal Sec to 
and from the CPU 30 and the DSP 12 (22). In this state, 
the sub CPU 15 (25) generates the control signal Soda 
(Scdb), and outputs the generated signal to the DSP 1 2 
(22). 

[0070] Concurent with this, the sub CPU 15 (25) gen- 
erates a control signal Scva (Scvb) for controlling the 
operation of the VC0 1 6 (26) and outputs the generated 
signal to the VCO 16 (26). To control the output rate of 
the musical piece signal Sra (Srb) output from the DSP 
12 (22) and the digital/analog conversion frequency in 
the D/A converter 14 (24), as described above, the VCO 
1 6 (26) generates the rate control signals Sfva and Sfda 
(Sfvb and Sfdb), and outputs the generated signals to 
the DSP 12 (22) and the D/A converter 14 (24), respec- 
tlveiy. 

[0071] Further, the CPU 30 generates the control sig- 
nal Sea (Scb), and outputs the generated signal to the 
sub CPU 15 (25) to cause the sub CPU 15 (25) to exe- 
cute the reproducing control as mentioned above. 
[0072] At this time, operation for designating the op- 
erations of the mixer 1 and players 2 and 3, is performed 



by the operation part 31 by way of the CPU 30. Re- 
sponding to this, an operation signal Sin corresponding 
to the operation Is output to the CPU 30. The CPU 30 
executes the control on the basis of the operation signal 

Sin. 

[0073] The information (specifically, the detected 
BPM value and the like) on the operation of the mixer 1 
and the players 2 and 3, which are controlled by the CPU 
30, is output as a display signal Sdp from the CPU 30, 
and Is displayed on the display part 32 for a disk jockey 
and the like. 

[DSP Configuration and Operation] 

[0074] The DSPs 12 and 22 will be described. The 
configuration of the DSP 12 is the same as that of the 
DSP22, and hence the DSP 12 will typically be de- 
scribed. 

[0075] Fig. 3 schematically shows an Internal config- 
uration of the DSP 12. In the description to follow, of 
those elements fonning the DSP, those elements relat- 
ing to the beat detection of the Invention will mainly be 
described. As shown In Fig. 3, the DSP 12 Includes a 
level detecting part 35, a reproduction control part 36, a 
BPM detecting part 37 and a beat detecting part 38. 
[0076] The digital decode signal Sda output from the 
decoder 11 , is input to the reproduction control part 36. 
The digital decode signal Sda Is read out at the quadru- 
ple-speed, and Is supplied as the memory signal Smoa 
to the memory 13 by the reproduction control part 36. 
The reproduction control part 36 reads out the audio re- 
producing signal, which is temporarily stored in the 
memory 13, as the memory signal SmIa at the nonnai 
speed, and supplies it as the reproducing signal Sra to 
the D/A converter 14. In this way, the audio signal Is re- 
produced from the optical disk DA. 
[0077] The digital decode signal Sda output from the 
decoder 11 is also input to the level detecting part 35. 
The level detecting part 35 detects a level of audio data 
contained In the digital decode signal Sda read out from 
the optical disk DA, and supplies a level detect signal 
Sdet to the BPM detecting part 37 and the beat detecting 
part 38. 

[0078] In the embodiment, the level detecting part 35 
divides thedlgltal decode signal Sda Into signals of three 
frequency bands, I.e., low. medium and high frequency 
bands, and detects a signal level of each frequency 
band to thereby generate a level detect signal (digital 
data value) representing a level of the audio signal con- 
tained in the audio signal. And, the level detecting part 
35 supplies level detect signals of the frequency bands 
as the level detect signals Sdet to the BPM detecting 
part 37 and beat detecting part 38. 
[0079] The BPM detecting part 37 computes a BPM 
on the basis of the level detect signals of the frequency 
bands, adds It to the synchronous control signal Sbpa, 
and then supplies the resultant signal to the sub CPU 
15. To be more specific, as shown in Fig. 4, the BPM 
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detecting part detects a peak of an audio signal wave- 
form on tlie basis of the levei detect signal Sdet from the 
level detecting part 35, and computes a time interval be- 
tween the detected peak and the subsequent one. If the 
detected peak corresponds to the beat position of the 
musical piece, the BPM (the number of the beats per 
minute) is obtained by computing. Actualty, the detec- 
tion of a peak-to-peak time interval Is performed for a 
predetermined time, and the detected values of the 
peak-to-peak time intervals are statistically processed, 
whereby the BPM is computed. Forthe detail of the BPM 
detection method, reference is made to the Unexamined 
Japanese Patent Application Publication No. Hei 
8-201542. 

[0080] The beat detecting part 38 detects beat posi- 
tions in the audio reproducing signal on the basts of the 
level detect signal Sdet of each frequency band output 
from the level detecting part 38, adds a signal represent- 
ing the beat positions to the synchronous control signal 
Sbpa, and then supplies the resultant signal to the sub 
CPU 15. 

[0081] In this way, the DSP 12 generates the repro- 
ducing control signal Sbpa containing infomnation of the 
BPM value and the beat positions of the reproduced au- 
dio information on the basis of the digital decode signal 
Sda output from the decoder 1 1 , and supplies the result- 
ant signal to the sub CPU 15. 
[0082] On the other hand, the DSP 22 in the player 3 
executes a similar process to that of the DSP 12. 
[0083] And, the DSP 22 supplies the reproducing con- 
trol signal Sbpb containing information of the BPM value 
and the beat positions of the reproduced audio informa- 
tion to the sub C PU 25, on the basis of the digital decode 
signal Sdb output from the decoder 21 . 
[0084] As will be described later, the CPU 30 causes 
the two players 2 and 3 to synchronously reproduce the 
two players 2 and 3 in accordance with the reproducing 
control signals Sbpa and Sbpb. 

[Detection of Beat Position] 

[0085] A method of detecting a beat position will be 
described in detail. A beat position is detected on the 
basis of a level detect signal for each frequency band 
output from the level detecting part 35. In the embodi- 
ment, the level detecting part 35 detects a reproduced 
audio signal level for each of three frequency bands, i. 
e., low, medium and high frequency bands. 
[0086] The beat detection process detects (1 ) peaks 
of reproduced audio signal levels of all the frequency 
bands on the basis of the reproduced audio signal levels 
of those three frequency bands. (2) The beat detection 
process judges as to whether or not those detected 
peaks correspond to the beats in the reproduced audio 
signal, on the basis of two conditions, and detects the 
beat positions based on the judgement result. 
[0087] The peak detection of the reproduced audio 
signals of all the frequency bands will be described with 



reference to Fig. 5. Fig. 5A Is a graph showing level de- 
tect signals of three frequency bands output from the 
level detecting part 35. In Fig. 5A, the abscissa repre- 
sents time, and numerals attached to the abscissa each 

5 indicate a specific time width (referred to as "point"), 
which depends a BPM of the reproduced audio signal. 
In a musical piece to be reproduced which is quadruple 
and 120BPM in tempo, if one beat corresponds to 8 
points, then one point con^espond to 1/16 second. The 

10 time axis is used for the sake of convenience. Accord- 
ingly, for another musical piece having different tempo, 
the time axis is also different from the f onmer, as a matter 
of course. The ordinate of the graph of Fig. 5A repre- 
sents a detection level of a reproduced audio signal (dig- 

is (tal signal), which is detected by the level detecting part • 
36. 

[0088] As shown in Fig. 5A, signal levels of repro- 
duced audio signals of the respective frequency bands 
(low, medium and high) are time sequentially arranged. 

20 Of the reproduced audio signals detected, those audio 
signals that are closely located on the time axis are add- 
ed together to produce an added value. 
[0089] In the graph of Fig. 58, the ordinate represents 
the added values thus cornputed, and the abscissa nep- 

25 resents the same time axis as in Fig. 5A. The wording 
"are closely located on the time axis" means "are located 
within a predetermined time width". In the instance of 
Fig. 5 A, data that are located within (1/8) beat is trated 
as data that are closely located on the time axis. In the 

30 instance of Figs. 5A and SB, one beat con-esponds to 8 
points. Accordingly, data are added which are present 
within a range of adjacent two points (viz., adjacent data 
are added). 

[0090] The added values are computed as shown in 
35 Fig. 5B. An added value next obtained is compared in 
level with the added values preceding and subsequent 
to it, whereby detecting a peak of the added value. The 
added values are connected by straight lines to form a 
polygonal graph as shown in Fig. 5B, and only the peaks 
40 0 the graph are selected (the bottonns are not selected) . 
In the instance of Fig. 5B, the peaks P1 to P5, P7 and 
p8 are selected. 

[0091] The peaks are thus selected. In the graph 
shown In Fig. Fig. 5B, a case is present where peaks do 

45 not appear for a predetemfiined time or longer. In the 
case, a peak Is forcibly set. In this Instance, when a peak 
does not appear for a time period of about two or more 
beats, data that is present at a second beat position or 
therearound as counted from the preceding peak, is 

50 treated as a peak. In the Instance of Fig. 5B, this peak 
problem is handled allowing for an en^or of ± 1/8 beat 
for 2 beats. As shown, apeak does not appearfor a time 
period of 1 .875 (1 + 7/8) beat. Accordingly, the data of 
the peak P6 Is forcibly treated as a peak. 

55 [0092] In this way, the peaks contained in the repro- 
duced audio signal are detected. Those peaks are high 
level parts in the reproduced audio signal. Accordingly, 
it may be considered that those peaks are candidates 
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for the beats in the musical piece. 
[0093] Then, judgement is made as to whether or not 
those peaks obtained as beat candidates are beats, if 
a pealc satisfies both the following two conditions, the 
peak is judged to be a beat. 

(Condition 1): 

[0094] A time Interval between a peai< being evaluat- 
ed and a peai< located preceding the fonner peak cor- 
responds to integer time (integer = 1 to 4) as long as the 
beat-to-beat time interval computed based on the BPIVI 
(containing a predetennined en^or) . 

(Condition 2): 

[0095] A time interval between a peal< being evaluate 
ed and a beat position (a position of a peak judged to 
be a beat) located preceding the former peak con^e- 
sponds to integer time as long as the beat-to-beat time 
interval computed based on the BPM (containing a pre- 
detennined error). 

[0096] With regard to the condition.2, if a peak already 
judged to be a beat is present, the next beat position 
may be predicted, to some extent, on the basis of the 
BPM. Accordingly, a peak which is present at a position 
at which the next beat will appear is judged as a beat, 
and its near position. 

[0097] The condition 1 is for preventing the following 
disadvantage, if a peak whk:h actually does not corre- 
spond to a beat is mistakenly judged to be a beat, the 
subsequent beat detection will continue while being 
based on the erroneous beat position and remaining not 
corrected. 

[0098] Enters in the conditions 1 and 2 may each be 
about ± 1/1 6 of 1 to 4 Integer time as long as the beat- 
to-beat interval. 

[0099] Next, a beat detection process utilizing the 
conditions 1 and 2 will be described in detail with refer- 
ence to Figs. 5 and 6. Fig. 6 shows a beat detection re- 
sult on the reproduced audio signal shown in Figs. 5A 
and SB. Fig. 6A shows the judgement result on the con- 
dition 1 . Fig. 6B shows the judgement result on the con- 
dition 2. Fig. 6C shows the final judgement results on 
the conditions 1 and 2. 

[0100] An exemplary Judgement on the condition 1 will 
be described with reference to Fig. 6A, As shown In Fig. 
SB, a time interval between each of the peaks P1 to P8 
gathered in the above-mentioned manner and a peak 
preceding the former is computed. And a number of 
beats corresponding to the time interval is computed. 
The results of the computation are shown in Fig. 6A. 
[0101] if the time interval between the present peak 
and the preceding peak is integer (1 to 4) times as long 
as the beat-to-beat time, whteh is computed from the 
BPM, its peak is judged to be a beat. In this instance, 
±1/16 of the beat-to-beat time as is computed form the 
BPM is treated as a tolerable en^or. As seen from Fig. 



6A, the judgement results on the peaks p4 and p5 are 
"OK", and those satisfy the condition 1. 
[01 02] An exemplary judgement on the condition 2 will 
be described with reference to Fig. 6B. A time interval 

5 between each of the peaks PI to P8 shown in Fig. SB 
and a beat preceding that peak is computed. Computa- 
tion is made to check as to whether or not each of the 
computed time intervals is integer times as long as a 
beat-to-beat time computed based on the BPM. The 

10 computation results are shown in Fig. SB. If the comput- 
ed time Interval is integer times as long as a beat-to- 
beat time computed based on the BPM, the peak is 
judged to be a beat. 

[0103] In this instance, ±1/16 of the beat-to-beat time 

15 computed from the BPM is treated as a tolerable error. 
After the reproduction of the musical piece starts, the 
peak that first appears is treated as a beat since no beat 
preceding the first peak is present. As seen from Fig. 
6B, the peaks pi , p3, p4, p5, p7 and p8 are "OK" and 

20 satisfy the condition 2. 

[0104] From the judgement results of the conditions 
1 and 2, only peaks satisfying both the conditions are 
judged to be beats. The results of the.judgement are 
shown in Fig. 60. As seen, the peaks pi , p4 and p5 are 

25 finally judged as beats. 

[0105] Thepeakpl isforcibly detenninedtobeabeat 
since it is the peak that is first detected after the music 
reproduction starts. A case that the detemiination is er- 
. roneous, viz., the peak pi is not the beat is present, as 

30 a matter of course. In the beat detection process of the 
invention, the final beat detection is based on the con- 
dition 1 as well as the condition 2. Accordingly, a correct 
beat will be detected with time. 
[0106] Specifically, in the condition 1, only those 

35 peaks are detected: a time interval between each of 
those peaks and a peak preceding the peak is integer 
times as long as a beat-to-beat time interval determined 
on the basis of the BPM. if the decision that the peak p1 
is a beat is erroneous, a peak corresponding to a posi- 

40 tion of a conrect beat must be detected with proceeding 
with the beat detection based on the abovennentioned 
method (The reason for this is that a reproduced audio 
signal having a definite peak must appear at a correct 
beat position in the musical piece under reproduction.). 

^ Accordingly, after a peak coresponding to such a cor- 
rect beat position Is detected, only a peak located at a 
position defined by an integer time as long as the beat- 
to-beat time based on the BPM is judged to be a beat 
on the basis of the condition 1 . As a result, correct beat 

50 positions will be detected subsequently. Thus, the beat 
is detected taking the condition 1 into account. Accord- 
ingly, an erroneous judgement, whbh may be made if 
only the condition 2 is used, may be corrected. 
[01 07] Such an erroneous judgement is likely to occur 

55 in a musical piece which is relatively quiet at first (a mu- 
sical piece that starts in low level). In a first part of the 
musical piece, a reproduced audio signal whteh is clear- 
ly large in level is not detected even at correct beat po- 
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sitions. Accordingly, it happens that by the judgement 
based on the condition 2, a peak that first appears is 
forcibly treated as a beat, and actually, the peak position 
is not the correct beat position. IHowever, if the judge- 
ment based on the combination of the conditions 1 and 5 
2 is continued, reproduced data of which the level is 
clearly large at a correct beat position of the musical 
piece will appear. Subsequently, correct beat positions 
will be detected. 

[0108] In the condition 2, if a time interval between a io 
peak being evaluated and a beat located preceding the 
judged peak is 4 beats or longer, the peak Is forcibly 
detemnlned to be a beat. The reason for this is that if the 
beat is not judged for a too long time, the process is 
instable. To avoid this, the beat is forcibly detemiined. ^5 
Even when the determination is not correct, the judge- 
ment is also made based on the condition 1 , hence, cor- 
rect beat positions will be detected subsequently. 
[01 09] A flow of the beat detection process will be de- 
scribed with reference to Fig. 7. Fig. 7 is a flow chart 20 
showing the beat detection process. The beat detection 
process to be described hereunder is carried out by the 
beat detecting part 38 in the player 2 or 3 shown in.Flgs. 
1 and 2. 

[01 1 0] This process is carried out concurrently with a 25 
reading operation of a reproduced audio signal from the 
optical disk. A reproduced audio signal that is read out 
of the optical disk at a high speed (e.g., quadruple- 
speed) Is temporarily stored into the memory 13 or 23. 
Then it is read out of the memory 13 or 23, and repro- 30 
duced In the fonn of music at a nonnal speed. The beat 
detecting part 38 processes level detect data Sdet, 
which is successively supplied from the level detecting 
part 35, in the following manner. 
[Oil 1 ] The beat detecting part 38 receives a level de- 35 
tect signal for each frequency band from the level de- 
tecting part 35 (step S1). The level detect signal is ar- 
ranged Into a time sequential signal as shown in Fig. 5A 
(step S2). Subsequently, the beat detecting part 38, as 
shown in Fig. 5B, adds level detect signals closely lo- ^0 
cated on the time axis to added values, and detennines 
peaks based on the added values (step S3). This proc- 
ess is carried out in a manner that the beat detecting 
part 38 adds the level detect signals (digital data) that 
are sequentially received thereto from the level detect- 45 
Ing part 35. While the beat detecting part sequentially 
receives the level detect signals from the level detecting 
part 35, It successively detenmlnes peaks based on the 
added values. 

[01 1 2] Next, the beat detecting part successively ex- so 
ecutes the judgement of the condition 1 on the peaks 
successively determined in the step S3, peak by peak 
(step S4). if the peak being evaluated satisfies the con- 
dition 1 , the process returns to the step S4, and judges 
the next peak. If the peak being evaluated does not sat- ss 
Isfy the condition 1 (step S4; yes), the process judges 
as to if the peak satisfies the condition 2 (step S5). 
[0113] If It satisfies the condition 2, the process de- 



cides that the peak is a beat (step S7). If the peak does 
not satisfy the condition 2 (step 85; No), the process 
judges if the peak is located at a time position having 
elapsed by 4 beats or more from the preceding beat 
(step S6). If the peak has elapsed by 4 beats or more, 
the process advances to a step S7, and treats it as a 
beat. If the peak has not elapsed by 4 beats or more, 
the process retums to the step S4, and judges the next 
peak. 

[01 14] In this way, beats are detected from the repro- 
duced audio signal read out of the optical disk. Apositlon 
of the detected beat is incorporated into a reproduction 
control signals Scda and Scdb, and the resultant is sent 
to the sub CPUs 15 and 25. 

[0115] In the embodiment, the reproduced audio sig- 
nal read out from the optical disk is divided into the sig- 
nals of three frequency bands, low, medium and high 
frequency bands. The reproduced audio signal may be 
divided into signals of two frequency bands or four or 
more number of frequency bands. Where the number of 
frequency bands is increased, the audio signal is little 
influenced by noise having specific frequencies, and 
hence detection accuracy is frequently increased. 

[Synchronous Reproduction of Two Players] 

[0116] Next description is given about a synchronous 
reproduction process which causes two players to syn- 
chronously operate by utilizing the thus detected beat 
positions and the BPM value and to play back music. 
Fig. 8 shows a flow chart of the synchronous reproduc- 
tion process. The synchronous reproduction process is 
realized in a manner that the CPU 30 In the mixer 1 , and 
the sub CPU 15 in the player 2 and the sub CPU 25 in 
the player 3 (see Fig. 1) execute a program prepared in 
advance, and mutually operate for process execution. 
[0117] Firstly, under control of the sub CPU 15, the 
player 2 starts to read an audio signal from the optical 
disk DA, and under control of the sub CPU 25 the player 
3 starts to read an audio signal from the optical disk DB 
(step S11). 

[0118] Then, in the players 2 and 3, the program de- 
tects beats from the audio signals by the method as de- 
scribed referring to Fig. 7 (step SI 2). 
[0119] The program checks if the next beat is detect- 
ed in the audio signal to be reproduced in each of the 
players 2 and 3 (step S13). Specifically, the program 
judges as to if a beat detection process of the step SI 2 
has detected a beat at a position or its vicinity at which 
the next beat will arrive, on the basis of the BPM value 
detected by the BPM detecting part 37 in the DSP 12 or 
22. 

[01 20] In the beat detection process, generally, beats 
are not always detected at all the reproduction positions 
of a musical piece. Actually, beat positions are periodi- 
cally present in the musical pjece. In a case where a 
sound volume (level of recorded data) is small at a beat 
position in an actual musical piece, the beat position is 
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not detected. Accordingly, when the next beat position 
is not detected by the beat detection process, the scarce 
beat position is determined, by use of an interpolation, 
on the basis of the beat positions detected by the beat 
detection process and the BPIVI value detected by the s 
BPM detecting part 37 (step S14). Specificaiiy, the beat- 
to-beat time can be computed from the BPM value. 
Therefore, the interpolation may be made in a manner 
that for the detected beat positions, a beat is set at a 
position or time position on the time axis after the beat- io 
to-beat time has elapsed. 

[01 21 ] Thus, the beat position is detemiined, and then 
a process to synchronizing the players 2 and 3 is exe- 
cuted (step S15). The detail of the synchronizing proc- 
ess is flow charted in Fig. 9. *5 
[0122] In Fig. 9, the reproducing speed of the player 
2 is made equal to that of the player 3 on the basis of 
the BPM values output from the DSPs 12 and 13 (step 
S20). Subsequently, the next beat positions obtained in 
the players 2 and 3 are compared with each other (step 20 
821 ). In the player 2 (3), a beat position obtained by the 
beat detecting part 38 in the DSP 12 (22) is input as a 
reproduction control signal Sbpa (Sbpb) to the sub CPU 
15 (25). The sub CPU 15 (25) has detemiined a scarce 
beat position by the interpolation in the step 814. Ac- 25 
cordingty, the CPU 30 acquires the next beat positions 
from the sub CPUs 15 and 25 and compares them since 
the sub CPUs 1 5 and 25 have recognized the next beat 
positions in the players 2 and 3. 

[0123] The CPU 30 executes a process to detennine 30 
a reproduction position so that the beat positions of the 
players 2 and 3 are made coincident with each other. 
The result of the comparison in the step S21 shows that 
a difference between the next beat positions in the two 
players is larger than the BPM/2 (step S22; yes). Then, 35 
the sub CPU 25 Is controlled so as to lower the repro- 
ducing speed of the player 3 (step 823). When the dif- 
ference between the next beat positions In the two play- 
ers is smaller than the BPM/2 (step S22; No), the CPU 
30 controls the sub CPU 25 so that the reproducing 
speed of the player 3 is increased (step S24). 
[01 24] In this way the synchronizing process is com- 
pleted, and the reproduction positions of the players are 
detemiined so that the beat positions of the players 2 
and 3 are coincident with each other. ^ 
[01 25] The process returns to the synchronous repro- 
duction process of Fig. 8. and both the players 2 and 3 
reproduce audio signals (step SI 6). At this time, in the 
players 2 and 3, the control of the reproducing rates are 
continued so- that the BPMs that are detected in the so 
DSPs 12 and 22 are coincident with each other. As a 
result, the musical pieces reproduced by both the play- 
ers are coincident with each other not only In reproduc- 
ing speed but also In beat position. 
[0128] The above process Is continuously executed ss 
after the musical piece reproducing starts. While the 
players 2 and 3 are reproducing the musical pieces, the 
process of Fig. 8 is successively carried out and the mu- 



sical pieces are synchronously reproduced from both 

the players. 

[01 27] The case having been described Is that in each 
player, audio infonnation that is read out from the optical 
disk is temporarily stored into the memory, the next beat 
position is detected or detenmined by the interpolation, 
and the audio information corresponding to the beat po- 
sition is read out from the memory and reproduced. In 
some internal construction of the player, there is a case 
where before the beat position Is determined based on 
the beat detection or the interpolation, the audio infor- 
mation must be reproduced. In such a case, the syn- 
chronous reproduction process of Fig. 8 may be execut- 
ed in a manner that a beat position occurring later is 
predicted on the basis of a beat position detected by the 
beat detection process, not the interpolation, in such a 
case, the synchronous reproduction process may be 
made to proceed in accordance with correct beat posi- 
tions by correcting the beat position that is predicted on 
the basis of the detected beat position after the beat po- 
sition is actually detemiined by the beat detection proc- 
ess. 

[Detection of Top Beat and Synchronizing Process] 

[0128] In the synchronous reproduction process, the 
BPM and the beat position are detected on the basis of 
the audio infonnation read out of each optical disk, and 
the two players are controlled so that the reproducing 
speeds are made equal to each other based on the 
BPM, and the beat positions arc coincident with each 
other, and under this condition, the musical pieces are 
reproduced. Where the reproducing speeds are equal 
to each other and the beat positions are coincident with 
each other, an unnatural feeling that the listener has 
when he listens the reproduced musical pieces Is small. 
More strictly, the position coincidence of the top beat 
(first beat In each bar) of one musical piece with that of 
the other musical piece, if possible, is more desirable, 
since the reproduction positions of the musical pieces 
to be reproduced from the two players are coincident 
with each other every bar. 

[0129] To realize this, it is necessary to specify the top 
beat of those beats detected In the beat detection proc- 
ess (and beats which are replenished with the Interpo- 
lation or prediction since those are scarce beats). If the 
top beat is specified, then what one has to do is to control 
the reproduction positions of the two players so that the 
top beats are coincident with each other In the synchro- 
nizing process of the step S 15, Some methods of de- 
tecting the top beat will be described. 
[01 30] One top-beat detecting method is that such an 
operator as a disk jockey manually inputs the position 
of the top beat to the audio infomiatlon reproduction de- 
vice. Specifically, after the musk; is reproduced and 
when the synchronous reproduction process is under 
execution, the operator, while listening the reproduced 
music, inputs a position of the top beat to the audio in- 
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formation reproduction device, by use of an operation 
part 31 of the mixer 1 . This may be achieved In a manner 
that the operator presses a specific button provided on 
the mixer 1 at the timing of the top beat. 
[01 31 ] Another top-beat detection method is to extract 
time management infomiation, such as tinrte code, from 
each musical piece data, and to specify a position of the 
top beat position by computation. The time manage- 
ment information counted from the top of each musical 
piece are recorded in such an optical disk as a CD. The 
time management Information takes various fomris, 
such as time code and address, depending on the type 
of the recording medium. When the operation of repro- 
ducing music starts, the BPM of the music Is detected 
by the DSP. Usually, in one musical piece, the BPM val- 
ue is not varied. Therefore, at a reproduction position in 
a musical piece, the cun^ent position can be computed 
using the BPM value. Cooiputation can be made of what 
number of bars counted from the top of the mustoal 
piece Is the bar In which the reproduction position is con- 
tained, and which of the beats contained in that bar is 
the beat at which the reproduction position is located. If 
the musical piece Is quadruple time and Its BPM is 120, 
1 20 beats appear for 60 seconds . Accordingly, one bar 
(= four beats) corresponds to 2 seconds. Therefore, the 
top of one bar, viz., top beat, arrives every time 2 sec- 
onds elapse from the top of one musical piece. In this 
way, the top beat of each bar can be detected from the 
time management infomiation stored in the optical disk. 
[0132] If the top beat is thus detected, then the musi- 
cal piece reproduced from the two players can be syn- 
chronized every bar by utilizing the BPM and beat posi- 
tions detected by the DSP and the top beat positions. 

[Modifications] 

[0133] The audio Information reproduction device 
shown In Figs. 1 and 2 is made up of the mixer 1 , and 
the players 2 and 3. The mixer 1 includes the CPU 30, 
operation part 31, display part 32, and adder 33. The 
invention may be applied to such an audio information 
reproduction device that the CPU 30, operation part 31 , 
display part 32, and the like are contained in the player, 
and only the adder 33 is contained In the mixer. 
[01 34] In the embodiment mentioned above, the play- 
ers 2 and 3, which forni the audio infomnatlon reproduc- 
tion device, are disk players, such as CD players. The 
dedicated disk players as the players 2 and 3 may be 
substituted by a personal computer containing a music 
reproducing software (program). 
[0135] The function of detecting the beat positions 
and the function of controlling the reproducing operation 
of a plurality of musical pieces so that the detected beat 
positions of the musical pieces are coincident with each 
other, both of which are based on the invention, may be 
realized In the fonn of a software (program). In this case, 
the musical pieces may be reproduced as In the above- 
mentioned embodiment which uses the mixer and the 



players exclusively used, when that program is execut- 
ed by a personal computer provided with a reproduction 
drive, such as CD and DVD, 

[0136] As seen from the foregoing description, the 
5 beat positions of a musical piece can be detected from 
music data recorded in the recording medium, such as 
an optical disk. Accordingly, the reproducing operations 
of the musical pieces from two recording media may be 
synchronized by controlling the two players so that the 
10 reproducingspeedsofthemareequaltoeachother, and 
the beat positions are coincident with each other. 



Claims 

15 

1 . An audio information reproduction devtee compris- 
ing: 

reading member for reading audio infomnatlon 
20 constituting a musical piece from a recording 

medium; 

beat detecting member for detecting a beat po- 
sition in said musical piece on the basis of said 
audio Information; and 
25 reproducing member for reproducing said au- 

dio Infomiation in accordance with said detect- 
ed beat position. 

2. The audio infomiation reproduction devbe accord- 
30 ing to claim 1 , further comprising: 

tempo detecting member for detecting a speed 
value of said musical piece in accordance with 
audio infomiation, wherein 
35 said beat detecting member detects said beat 

position by using said speed value. 

3. The audio information reproduction device accord- 
ing to claim 2, wherein 

40 said beat detecting member includes; 

level detecting member for detecting peak 
levels of said audio infomiation, and 

judging member forjudging If said peak level 
corresponds to a beat. 

45 

4. The audio Infomnatlon reproduction device accord- 
ing to claim 3, wherein 

said judging member includes; 
first judging member forjudging as to if a peak 
so being evaluated of said audio infomnatlon satisfies 
a first condition that a time interval between said 
peak being evaluated and the peak preceding said 
peak being evaluated is integer time as long as a 
beat-to-beat time Interval detemnlned on the basis 
55 of said speed value, 

second judging member for judging as to if 
said peak being evaluated satisfies a second con- 
dition that a time interval between said peak being 



12 



23 



EP 1315 143 A2 



24 



evaluated and a peak which is located preceding 
said peal< being evaluated and is judged to be a 
beat, is integer time as long as a beat*to-beat time 
interval detenmined on the basis of said speed val- 
ue, and 5 
member for judging said peak being evaluat- 
' ed to be a beat if said peak being evaluated satisfies 
said first and second conditions. 

5. The audio infomnation reproduction device accord- io 
ing to claim 4, wherein 

said judging member further includes; 

decision member operating such that when a 
time interval between said peak being evaluated 
and a peak which is located preceding said peak is 
being evaluated and is judged to be a beat, is longer 
than a time Interval corresponding to a predeter- 
mined number of times as long as said beat-to-beat 
time interval detennlned on the basis of said speed 
value, said decision member decides that a beat Is 20 
present at a position on a time axis which is spaced 
from the peak located preceding said peak being 
evaluated by a distance corresponding to said pre- 
detennined number of times as long as said beat- 
to-beat time Interval. 

6. The audio infomnation reproduction device accord- 
ing to claims, wherein 

said judging member further Includes; 

member which judges a peak that said level so 
detecting member first detects after the reading of 
said audio Infomiation corresponding to one piece 
of music starts, to be a beat. 

7. The audio Information reproduction device accord- 35 
ing to claim 4, further comprising: 

member for interpolating said detected beat po- 
sition on the basis of said speed value and a 
beat position detected by said beat detecting ^o 
member. 

8. The audio information reproduction device accord- 
ing to claim 4, further comprising: 

45 

member for predteting a beat position on the ba- 
sis of said speed value and a beat position de- 
tected by said beat detecting member. 

9. The audio infonmation reproduction device accord- so 
ing to claim 3, wherein 

said level detecting member includes; 

member for dividing said audio information in- 
to a plurality of frequency bands, and 

member for detecting said peak by adding to- S5 
gether said audio information of said frequency 
bands which are close to each other in time space. 



10. The audio Information reproduction device accord- 
ing to claim 9. wherein 

said level detecting member further includes; 

member for setting a peak at a position on a 
time axis after a predetennined time elapses from 
a position of the peak lastly detected, when said 
peak is not detected for a predetemiined time or 
longer. 

11. The audio infomiation reproduction system com- 
prising: 

first and second audio information reproduction 
devices defined in claim 2; and 
control member for controlling said first and 
second audio infomnation reproduiction devices 
so that the speed values and beat positions of 
first reproduced audio infomiation output from 
said first audio infomnation reproduction devtee 
are coincident with the speed values and beat 
positions of second reproduced audio infomia- 
tion output from said second audio Information 
reproduction device. 

12. The audio information reproduction system accord- 
ing to claim 11, wherein 

said control member includes; 

member for controlling said second audio in- 
fomnation reproduction device so that a speed value 
of said second reproduced audio infomnation is co- 
incident with a speed value of said first reproduced 
audio information, and 

member for controlling said second audio In- 
fomnation reproduction device so that a beat posi- 
tion of said second reproduced audio Information is 
coincident with a beat position of said first repro- 
duced audio information in a state that a speed val- 
ue of said first reproduced audio information is co- 
incident with a speed value of said second repro- 
duced audio infomiation. 

13. The audio infomiation reproduction system accord- 
ing to claim 11, wherein 

said first audio information reproduction de- 
vice Includes first top beat detecting member for de- 
tecting apositlon of a top beat in said first repro- 
duced audio Information, 

said second audio infomnation reproduction 
device includes second top beat detecting member 
for detecting a position of a top beat in said second 
reproduced audio infomnation, and 

said control member controls said second au- 
dio infomiation reproduction device so that the top 
beat of said second reproduced audio infomnation 
Is coincident in position with the top beat of said first 
reproduced audio infomnation. 

14. The audio infomnation reproduction system accord- 
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ingto claim 13, wherein 

said first and second top beat detecting mem- 
ber detect each the timing at which an operator op- 
erates an input device as the position of said top 
beat. 5 

15. The audio infonnation reproduction system accord- 
ing to claim 13, wherein 

said first and second top beat detecting mem- 
ber detect a position of each said top beat on the io 
basis of time management infonnation stored for 
each musical piece on said recording medium. 

16. An audio Infonnation reproduction device compris- 
ing: IS 



sition on the basis of said speed value and a 
beat position detected by said beat detecting 
member 

20. The audio infomnatton reproduction device accord- 
ing to claim 6, further comprising: 

memberf or predicting a beat position on the ba- 
sis of said speed value and a beat position de- 
tected by said beat detecting member 



reading member for reading audio information 
constituting a musical piece from a recording 
medium; 

tempo detecting member for detecting a speed 
value in said musical piece on the basis of said 
audio infonnation; 

beat detecting member for detecting a position 
of a beat in said musical piece from audio Infor- 
mation by using said speed value; 
top beat detecting member for detecting a po- 
sition of a top beat in said reproduced audio in- 
fonnation; and 

reproducing member for reproducing said au- 
dio infonnation in accordance with said speed 30 
value, said beat position, and said top beat po- 
sition. 



17. The audio Infonnation reproduction system accord- 
ing to claim 1 6, wherein 35 

said top beat detecting member detects the 
position of said top beat on the basis of time man- 
agement information stored for each musical piece 
on said recording medium. 

40 

18. A computerprogram causing a computerto function 
as an audio infonnation reproduction device com- 
prising: 



reading member for reading audio Infonnation ^ 
constituting a musical piece from a recording 
medium, 

beat detecting member for detecting a beat po- 
sition in said musical piece on the basis of said 
audio Information, and so 
reproducing member for reproducing said au- 
dio information in accordance with said detect- 
ed beat position. 

19. The audio infonnation reproduction device accord- ss 
ing to claim 6. further comprising: 

member for interpolating said detected beat po- 
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